Abstract: A total of 370 specimens of Paracobitis malapterura in the Zarrin-Gol River (east of the Elburz Mts, Iran) were caught by regular monthly collection throughout one year from November 2006 to October 2007. The specimens were then examined for age and growth, reproduction and feeding attributes. Based on otolith readings the maximum ages of the population observed were 3 + years for males and 4 + years for females. The specimens ranged in size from 38 to 130 mm total length, weighing from 0.68 to 30.55 g total weight. Length-weight relationship was estimated as W = 0.020L 2.62 for males, W = 0.002L 3.81 for females and W = 0.008L 3.08 for the population. Sex ratio was 1 : 1.27 in favor of females. The Gonadosomatic index indicated that reproduction of the loach in the river occurred around April-May, with the highest average value of 1.48 for males and of 5.36 for females in May. The absolute fecundity ranged between 92-1180 eggs with a mean of 456.31 eggs. Diameter of oocytes ranged from 0.11 to 2.80 mm with a mean value of 0.95 mm. The absolute fecundity and oocyte diameter to fish size (length and weight) and age were not significantly correlated. Plecoptera and Trichoptera dominated the diet contents composing 72.43% and 20.80% of total frequency of food items, respectively.
Introduction
The family Nemacheilidae is represented in Iran by 14 species. The western crested loach Paracobitis malapterura (Valenciennes, 1846) is a native widespread member. It is a very common and ubiquitous loach that lives in upper parts of rivers flowing into the Caspian Sea in northern Iran. In addition, the loach is found in some rivers in the west and southwest of Iran, including Tigris, Karoun and Kor rivers (Saadati 1977; Coad 1987 Coad , 2000 Abdoli 1999 ). In spite of its wide distribution in Iran, studies exclusively concerning its different biological and ecological aspects are more limited. The only reference on the biology of this fish from Iran is that of Tabiee & Abdoli (2005) , dealing with some biological characteristics of this species in the Zarrin-Gol River.
Quite recently, due to various anthropogenic activities, drastic changes have occurred in many rivers of Iran (Kiabi et al. 1999a) . Within these rivers, the loach populations are subject to a variety of different habitat conditions, forming local populations. The Zarrin-Gol is one of the rivers in the Gorgan-Roud basin in northern Iran which has over flown its banks several times in recent years. The fish fauna consists of six fish species, belonging to four families. The species are Neogobius fluviatilis pallasi (Berg, 1916) , Neogobius melanostomus affinis (Eichwald, 1813), Paracobitis malapterura (Valenciennes, 1846), Capoeta capoeta gracilis (Keyserling, 1861), Alburnoides bipunctatus (Bloch, 1782) and Oncorhynchus mykiss (Walbaum, 1792)) unpublished data). The river is home to P. malapterura. In order to provide an insight into the life history of this species in this river, the present study aims to describe growth, reproduction and diet of western crested loach population inhabiting the Zarrin-Gol River system.
Material and methods
The present study was carried out in the Zarrin-Gol River which is a small river situated in the eastern Elburz Mts (Golestan province in northern Iran). The river is characterized by its Caspian-Elburz Mts climate (Afshin 1994; Kiabi et al 1999b) .
Sampling on the basis of once per month, was carried out from November 2006 to October 2007 (in the last week of each month on different days at two sampling sites (about 57
• 37 E, 36
• 52 N). The specimens were caught by electrofishing (D.C. at 200-300 V., 50 Hertz frequencies and one anode). In the field, all fish specimens were immediately preserved in 4% formaldehyde solution to prevent fish from regurgitating their stomach contents. Besides fish sampling, some environmental factors including water temperature (in In the laboratory, total length was measured to nearest 1 mm for all fish sampled. The whole weight, weight of ovary and its sub-samples were recorded with an electronic analytical balance to nearest 0.01 g. The age was determined from otoliths. The otoliths were reviewed for banding patterns using a binocular microscope under reflected light at ×10-40. Growth annuli from each otolith were counted three times, each time by a different person. The relationship between the total length and total weight was determined by fitting the data to a potential relationship in the form of: W = aL b , where W is the weight in grams, L the total length in centimeters, a and b are the parameters to be estimated, with b being the coefficient of allometry based on t-test (Pauly 1984) .
Sex was determined by examination of the gonad tissue either with eye or with the aid of a binocular (×10-40). Gonadosomatic index (GSI) = (gonad weight/total body weight) ×100 was calculated for each fish and all values were averaged for each sampling date. To estimate fecundity, ovaries were removed from females, weighed, and then placed in Gilson's fluid for 3-4 days to harden eggs and dissolve ovarian membranes. The number of eggs was estimated by gravimetric method (Bagenal & Tesch 1978) using pieces removed approximately 0.02 g from both ovarian lobes of 58 ripe females caught in April and May. Average egg diameter was examined by measuring 30 eggs for each female. Measurements were made to the nearest 0.05 mm with an ocular micrometer microscope.
The analysis of fish stomach contents was done under dissecting microscope (at magnification ×10-40) and food items were determined to family or order level, and counted. The frequency of occurrence of each food item was used to characterize the diets as percent of total numbers. Feeding strategy of fish was analyzed using the Castello graphical method (Amundsen et al. 1996) to describe intra-population food selection in the river.
The Pauly t-test (1984) was used to find out whether the calculated b value was significantly different from b = 3 (isometric growth). The comparison of GSI values during the reproductive period and its temporal variation in each sex was carried out by analysis of variance (ANOVA). Analysis of co-variance (ANCOVA) was performed to test significance of differences in weight-length relationships between sexes. The overall sex ratio was assessed using Chi square test (Zar 1984) . Statistical analyses were performed with SPSS 11.5 software package and a significant level of 0.05 was accepted.
Results
Some environmental properties of the loach habitat in the Zarrin-Gol River are shown in Table 1 .
The loach caught ranged from 38 to 130 mm L (average value = 73.10 ± 15.95) (± standard deviation) in size, and from 0.68 to 30.55 g (average value = 4.66 ± 4.98) in total weight. Of the 370 specimens collected, 163 (44.05%) were identified as males, ranging from 38 to 110 mm L (average = 77.22 ± 15.59) and 1.03 to 19.63 g W (average = 5.03 ± 3.98), while 207 (55.95%) were females ranging from 54 to 130 mm L (average = 78.53 ± 17.13) and 1.11 to 30.55 g (average = 6.46 ± 6.79). The dominant length class was 56-60 in males and 70-75 mm in females (Fig. 1) . Age estimates revealed that the loach has a maximum age of 3 + in males and 4 + years in females; the majority of fish in the population was 1 + and represented 58.70% of the total sampled specimens. The percentage occurrence of the age groups (0+, 1
+ ) were 15. 05, 55.91, 18.28, 10.75, and 0%, respectively, in males and 12.41, 60.58, 18.25, 7 .30 and 1.46%, respectively, in females. In the population, the observed length-at-age differed between sexes -females were slightly longer and heavier than males ( Table 2) .
The total length-weight relationships were evaluated for males, females and sexes combined. A significant relationship with the high regression coefficient (r > 0.78) was found between the length and weight of the loach. Length-weight relationships were found as W = 0.020L 2.62 (F = 146.62, r 2 = 0.61) for males, W = 0.002L 3.81 (F = 784.28, r 2 = 0.85) for females, and W = 0.008L 3.08 (F = 955.56, r 2 = 0.72) for sexes combined. The b-value of females and sexes combined implies that the body shape of these groups Table 2 . Average total length (mm) and weight (g)-at-age of P. malapterura in Zarrin-Gol River (2006 -2007 displays positive allometric form (Pauly's t-test, t female = 11.25, t sexes combined = 3.12, P < 0.05), while the b-value of males shows a negative allometric growth model (Pauly's t-test, t male = 7.43, P < 0.05). Also significant differences were found after the statistical comparison of length-weight relationships between males and females (ANCOVA, F = 141.08, P < 0.05). All individuals were sexed and the overall ratio of males to females was 1:1.27. Chi-square analysis showed significant differences from the ration 1:1 (χ 2 = 5.23, P < 0.05). Considering the distribution of sexes in length classes, an unequal sex ratio was observed among the classes, females were dominant in the most size classes (Fig. 1) .
Significant changes were obtained in the temporal variation of gonad activity (ANOVA, F female = 714.09, F male = 289.02, P < 0.05). The GSI values of males were significantly lower than those of females (ANOVA, F = 8.07, P < 0.05). The maximum recorded values of GSI were 1.48 ± 0.31 and 5.36 ± 1.48 in May for males and females, respectively. The GSI of both sexes followed almost the same pattern (Fig. 2) . The reproductive period for this species in the river is thus April and May when GSI is considerably higher. It thereafter decreases in June showing start of the resting period.
The mean value of absolute fecundity was 456.31 ± 288.43 (SD) eggs/female, it ranged from a minimum value of 92 eggs to a maximum value of 1180 eggs. There was no significant relationship between absolute fecundity and fish size (total length and weight) (F L = 0.11, F W = 0.88, P > 0.05) (Fig. 3) , and the correlation coefficients calculated between fecundity and each of independent variables (length and weight) were judged to be much low and statistically not significant. The diameter of oocytes ranged from 0.11 to 2.80 mm (average = 0.95 ± 0.57). Large heterogeneity was observed in egg size among the females; therefore, there was no significant relationship between oocyte diameter and total length (F = 0.66, r = 0.12), total weight (F = 1.19, r = 0.27) and absolute fecundity (F = 0.32, r = 0.08) (Fig. 4) .
Gut contents of the loach consisted mainly of Trichoptera and Plecoptera. Trichoptera were clearly dominant in the diet and Plecoptera had importance as a secondary food item, composing 72.43% and 20.80% of total frequency of food items, respectively (Fig. 5) . According to the feeding strategy analysis using the Castello graphical method, prey point of Trichoptera represented the dominant prey taxa, and Plecoptera point which clustered close to 30% occurrence and 20% abundance was considered to be indicative of second dominant prey taxa with moder- ate importance. Prey points of Amphipoda, Coleoptera, Diptera, Ephemeroptera, Oligochaeta (Tubificidae) and Gastropoda (Prosobranchiata) close to 1% occurrence and 1% abundance were indicative of rare prey taxa for the loach in the river (Fig. 6) .
Discussion
This study has established key biological parameters of Paracobitis malapterura in the east Elburz Mts. In this study, the average of observed size of samples was different from that found in previous study in this area of Iran (Table 3) . Variation in mean size (lengths and weights) of the population of a species could be explained on the basis of the different exploitation patterns and/or ecological condition. In this sense, while the loach is not subject to commercial exploitation, variations in the environmental conditions of the area seem to be the main factors affecting the loach populations. When comparing to the previous studies in the Zarrin-Gol, it seems that the mean size (length as well as weight) has varied quite a lot (not statistically 4.98 (0.68-30.55) tested) during the last 15 years. We conclude that different environmental conditions during the period have caused the difference in different populations.
The exponents of total length -somatic weight relationship of P. malapterura, estimated in the ZarrinGol River, showed that the somatic weight growed allometrically (Ricker 1975) with the total length. Differences between males and females in the TL-W relationship are explained by the differences in size distribution of the two sexes as a consequence of inter-sexual differences in growth, suggesting the convenience of using the appropriate estimate from those proposed for each group when calculating weights by sexes. The estimated b-values in our study differed from the results reported by Tabiee & Abdoli (2005) who found a negative allometric growth (b male = 2.80 and b female = 2.77 for samples in the Zarrin-Gol River). The variation in the b exponent which is interpreted as variation in fish condition or fitness, could be attributed to the different environmental conditions that vary between rivers and between years in a river, and act as a local selective pressure on the fish. Therefore, variation in the b exponent can be attributable to species response to different habitat conditions.
In the present study, the overall sex ratio of P. malapterura in the Zarrin-Gol River was unbalanced in favour of females, which was probably either the consequence of higher survival rate and greater longevity of females or the greater endurance of females to environmental variability. The observed sex ratio was different from that found by Tabiee & Abdoli (2005) , who reported the dominance of males (4:1) in the river. In fact, sex ratio is highly variable for this species in the east Elburz Mts.
Based on the highest recorded average GSI, it is evident that the reproductive season of P. malapterura extends from April to June. Nikolsky (1963) pointed out that the spawning characteristics of a fish vary in respect to the species and the ecological characteristics of a water system in which they live. The present data show almost a prolonged spawning season (∼2 months). In the present study, the relatively prolonged spawning season (April-June) might be the result of more stable and favorable environmental factors, e.g., temperature.
A great heterogeneity in egg size was observed P. malapterura. This heterogeneity may be indicative of batch spawner. Even though a number of problems contrive from invalidate estimates of fecundity in batch spawner (Creech 1992) , we made an attempt to estimate absolute fecundity in the present study; the absolute fecundity of the loach was not positively correlated to fish size (length and weight), i.e., it is difficult to explain which of the above mentioned problems hold true in the loach of the Zarrin-Gol River.
Analysis of feeding habits of loach within a region demonstrates the importance of diet variations among populations and illustrates the loach opportunistic behavior. According to our observations, P. malapterura is a versatile small benthos feeder with capacity to use a wide range of prey items, mainly Trichoptera and Plecoptera, while Tabiee & Abdoli (2005) showed that Diptera dominated in the diets of the loach inhabiting Zarin-Gol, comprising 70.3% of total diet item frequencies. Thus, the fact that the loach seems capable of utilizing the opportunities offered by the habitats suggests that this species shows flexibility in food selection with a capacity to use a wide range of prey.
In conclusion, when the characteristics of a considered population as a representative of the western crested loach in the southern Caspian area are considered, it is clear that the life-history patterns of this species in the Zarrin-Gol River differs markedly from that reported previously. These patterns are important with respect to conservation management of the species. The variations related to growth, reproduction and feeding habits may be interpreted as phenotypic plasticity and adaptation to local selective pressure.
